SUMMARY
Plant-associated microbial communities can promote plant nutrient uptake, growth, and resistance to pathogens [1] [2] [3] . Host resistance to infection can increase directly through commensal-pathogen interactions or indirectly through modulation of host defenses [4] [5] [6] , the mechanisms of which are best described for rhizosphere-associated bacteria. For example, Arabidopsis plants infected with the foliar pathogen, Pseudomonas syringae pathovar tomato (Pst), increase their root secretion of malate, which attracts Bacillus subtillis to the roots and leads to a stronger host response against Pst [7] . Although there are numerous examples of individual defensive symbionts (e.g., [8] ), it is less clear whether this type of protection is an emergent property of whole microbial communities. In particular, relatively little is known about whether and how the presence of phyllosphere (above-ground) microbial communities can increase host resistance against pathogens. In this study, we examined the ability of augmented tomato phyllosphere microbiomes to confer resistance against the causal agent of bacterial speck, Pst. Across five independent experiments, the augmented phyllosphere microbiome was found to decrease pathogen colonization. Furthermore, the dose of commensal bacteria applied affected the degree of protection conferred, and although the effect is dependent on microbial composition, it is not clearly related to overall bacterial diversity. Finally, our results suggest that resources available to the phyllosphere microbial community may play an important role in protection, as the addition of fertilizer abolished the observed microbiome-mediated protection. Together, these results have clear relevance to microbiome-mediated protection within agricultural settings and the use of plant probiotics to increase disease resistance.
RESULTS AND DISCUSSION
The microbiomes of both plants and animals have been shown to provide beneficial host functions [1, 3, 9, 10], including conferring resistance against pathogens either directly through microbemicrobe interactions [4, 5, 11] or indirectly through alteration of host defenses [2, 6, 12, 13] . Microbe-mediated disease resistance in plants has primarily focused on the rhizosphere and the surrounding soil microbial community [5, 14] , where soils that suppress pathogen growth (i.e., disease-suppressive soils) do so by increasing microbe-pathogen competition for resources in the rhizosphere [15] . Although rhizosphere bacteria have been shown to increase resistance to infection [2, 14] , little has been done to study how the phyllosphere community can impact host resistance, even though the phyllosphere is likely to be important for pathogens infecting aerial portions of plants, such as Pseudomonas syringae pathovar tomato (Pst). We therefore set out to examine the ability of augmented tomato phyllosphere microbiomes to confer resistance against Pst, the causal agent of bacterial speck.
Phyllosphere Microbiome Provides Protection against Pathogen Colonization
To examine how phyllosphere (above ground) microbiota of tomato plants can affect Pst colonization of leaves, we first infected plants sprayed with different doses of ''leaf wash'' containing phyllosphere microbes from field-grown tomato leaves or with sterile buffer. Plants were spray inoculated with either undiluted or 85% diluted concentrations (referred to herein as ''dose'') of each of six independently generated leaf wash inocula one week before infection (n = 3 plants per treatment). We then pressure inoculated three leaves per plant with Pst and measured bacterial densities after 24 hr in both infected and uninfected leaves using droplet digital PCR (see STAR Methods). In our uninfected leaves, spray-inoculated plants had higher densities of bacteria compared to plants sprayed with sterile buffer ( Figure 1A ; Mann-Whitney test comparing 16S copy number; Z = À2.138; p = 0.032), confirming that our inoculation methods were successful in establishing a phyllosphere community.
For leaves subsequently inoculated with Pst, we observed an effect of phyllosphere augmentation on Pst density, where spray-inoculated plants hosted lower densities of Pst than those inoculated with buffer ( Figure 1B ; Z = À2.084; p = 0.035). More fine-grained analysis uncovers a significant interaction effect between leaf wash source and dose on Pst density in leaves (general linear model [GLM] with source and dose as fixed effects; F 5,23 = 9.037; p < 0.001) but no main effect of either source (F 5,23 = 1.068; p = 0.404) or dose (F 1,23 = 0.750; p = 0.395). This interaction effect was not observed for overall bacterial densities (16S copy number) of uninfected leaves (F 5,23 = 1.585; p = 0.204), where we observed a main effect of leaf wash source (F 5,23 = 10.115; p < 0.001) and no effect of dose (F 1,23 = 0.194; p = 0.664). The observed interaction effect between dose and source on Pst density led us to repeat this experiment in a more controlled setting using a constructed phyllosphere community comprised of bacteria previously isolated from tomato leaves.
Dose-Dependent Effect on Microbiome-Mediated Protection
To directly test the dose-dependent effect observed in the first experiment, we constructed a phyllosphere community (CC) composed of 12 bacterial strains isolated from field-grown tomato leaves (Table S1 ). We sprayed plants with one of four concentrations (doses) of the CC inoculum: 100% diluted (sterile buffer); 75% diluted (75% sterile buffer; 25% CC); 50% diluted; or undiluted, followed a week later by Pst inoculation. The undiluted spray was at a concentration similar to what we found in our field-collected leaf washes (approximately 1,000 colony-forming units [CFUs]/mL). We again found that the phyllosphere-sprayed plants had lower Pst densities than buffer-sprayed plants 24 hr after infection (F 1,10 = 4.957; p = 0.05). We also detected a significant difference in protection among the doses (Figure 2A ; F 3,8 = 6.129; p = 0.018), with the largest difference being between 75% diluted and undiluted sprays (Dunnett's T3; p = 0.019).
Dose-dependent responses have been demonstrated in other plant-microbe systems. In tomato plants, Colorado potato beetle larvae utilize their oral bacteria to suppress the plant's antiherbivore defenses, with higher oral bacteria doses exhibiting a stronger degree of suppression [16] . In strawberry plants, an optimal concentration of Stenotophomonas was found to promote root growth, with lower or higher concentrations resulting in a reduction of root growth [1] . Our observation that Pst density in plants sprayed with undiluted CC was not significantly different than buffer-sprayed plants (Figure 2A ) led us to wonder whether the pattern was driven by microbial density or the diversity of the phyllosphere community. We tested this by generating ten spray inocula that varied in the number of isolates they contained, starting with our full community of 12 isolates and then randomly, but sequentially, dropping one isolate until we had a spray inoculum containing only two isolates (Table S2 ; Figure S1 ; note that this does not necessarily represent taxonomic or functional diversity). Plants were sprayed with each inoculum at the undiluted concentration used above, followed by Pst inoculation. Although there was no correlation between number of isolates and Pst colonization (linear regression, Figure 2B ; pairwise comparisons between each community were not evaluated, as identifying specific members of the microbial community that conferred greater resistance was not the goal of our study). The observed nonlinear relationship (peak in Pst density with 5-or 6-isolate sprays, compared to the 12-isolate spray) suggests the protective effect cannot be explained simply by the presence or absence of particular species but may be due to plant-priming effects as more Pseudomonas isolates were dropped from the community. Our CC was comprised of multiple Pseudomonas isolates, and some Pseudomonads have been shown to prime the plant immune system [17] and to reduce rhizosphere pathogen density due to both direct inhibition with secondary metabolites and resource competition [18] . Examining this directly will require testing of each isolate independently, which is beyond the scope of the current work. Interestingly, one of our CC isolates includes a known tomato pathogen (Xanthomonas campestris; Table S1 ), although the Moneymaker tomato plants used in this study have been shown to be resistance to this pathogen [19] . However, this isolate was dropped out when creating the 7-isolate community, which is not associated with any major change in Pst density, and therefore the presence or absence of this specific isolate is unlikely to be the cause for the nonlinear relationship observed ( Figure 2B ).
Fertilizer Affects Microbiome-Mediated Protection
Due to low plant growth in our experiments, which we attributed to use of autoclaved soil, we added fertilizer (Miracle-Grow Water Soluble All Purpose Plant Food; N:P:K 24-8-16) to the soil and repeated the phyllosphere dose experiment. Surprisingly, the dose-dependent effect we previously observed was abolished after fertilization ( Figure S2 ; p = 0.899). The lack of a fully factorial experiment meant we were unable to rule out experimental effects underlying our observed difference, so we next sought to directly test for interaction effects between fertilization and phyllosphere augmentation on pathogen colonization using our CC approach. We uncovered a main effect of fertilizer application on Pst density ( Figure 3 ; F 1,14 = 14.041; p = 0.002) and an interaction effect between fertilizer application and phyllosphere augmentation (F 1,14 = 4.635; p = 0.049; note that both dilutions were combined for this analysis). Furthermore, although we did not observe an effect of spray dose on Pst colonization in fertilized plants (F 2,6 = 0.221; p = 0.808), we again observed a strong dose effect in unfertilized plants (F 2,6 = 13.617; p = 0.006).
This surprising observation led us to consider the importance of resources available to microbes on the leaf. Previous studies have demonstrated that fertilizer use can increase plant size and decrease leaf sugar concentration [20, 21] ; further, leaf surface sugar concentration was previously shown to positively correlate with phyllosphere bacteria density [22] . However, our measurements on uninfected leaves did not show a strong relationship between bacterial abundance and fertilizer treatment (data not shown); therefore, it is unlikely that increased leaf sugar concentration due to fertilization can solely explain the overall lower densities of Pst we observed in the unfertilized plants. Interestingly, the initial experiment using natural microbial communities (where we did observe microbiome-mediated protection, although the effect was dose dependent) was carried out with fertilized soil. The difference among experiments may be explained by the strength of microbiome-pathogen competition across communities. Importantly, all of our CC isolates were cultured on KB media, on which Pst grows well, which may have led us to select for bacteria more likely to directly compete with Pst for resources. Coexistence of leaf epiphytes and Pst has previously been shown to inversely correlate with the degree of similarity in carbon source utilization profiles [23] . Similarly, microcosm experiments suggest that resource availability affects microbial community dynamics and invader success, with catabolically similar residents out-competing invaders in low-resource environments and fast-growing residents competing with invaders in high-resource environments [24] . Our six naturally derived leaf wash communities almost certainly had higher functional and metabolic diversity than did our CC, so a change in leaf surface sugars likely would not have had as strong of an effect on these communities as it would on the CC. For an overview of designs across experiments, please see Figure 4 .
The observed interaction between microbiome protection and fertilization treatment (Figure 3) suggests that the host's nutritional environment (e.g., fertilizer application) in agricultural settings could fundamentally alter how selection acts on the host-microbiome interaction over time, especially in the presence of pathogens. Another study using a synthetic community similarly demonstrated that the root-associated microbiome can enhance the plant's immune system when grown under limited phosphate [25] . And recent work from Arabidopsis suggests that soil composition can alter plant susceptibility to P. syringae [26] . Results from these and the present studies add support to the importance of host nutritional state on hostmicrobiome interactions
In Vitro Bacterial Growth Suggests Both Direct Microbe-Microbe and Indirect, Plant-Mediated Effects on Pathogen Growth The observed effect of fertilizer on microbiome-mediated protection could be the result of changes occurring at the plant level, such as altered hormones or expression of resistance genes, and/or of changes in competition among microbiota due to altered resource availability. We took an in vitro approach to gain a better understanding of the processes at work by growing monocultures of Pst, 85% diluted CC, or undiluted CC in filtered leaf homogenate generated from fertilized or unfertilized plants that were sprayed with each of the three CC doses. Our results indicate a significant interaction effect between fertilizer application and CC dose of donor plants on growth of both Pst and CC in vitro, with leaf homogenate from fertilized plants leading to lower growth than unfertilized plants when sprayed with diluted Figure S1 ; Table S2 ) does not correlate with Pst colonization. Ten CC inoculums, composed of 2-12 out of 12 total isolates, were sprayed at the undiluted concentration onto plants prior to infection (n = 2 plants per inoculum; Pearson correlation, À0.049; p = 0.838). Box and whisker plots show median (center line), upper and lower quartiles (represented by box), and highest (upper whisker) or lowest (lower whisker) value that is within 1.5 IQR of the hinge, where IQR is the inter-quartile range, or distance between the first and third quartiles. Data beyond the end of the whiskers are outliers and plotted as points (as specified by Tukey).
CC (p = 0.009; Figures S3A and S3B) , supporting previous work linking nitrogen nutrition to resistance against P. syringae in tobacco [27] . Conversely, leaf homogenate from fertilized plants supported greater bacterial growth than unfertilized plants when sprayed with a high dose of CC, suggesting that the unfertilized leaf homogenate had fewer available resources. The plants were spray inoculated one week before leaves were homogenized, so it is possible that the higher densities of phyllosphere bacteria from the undiluted spray exhausted many of the resources over the course of the week, leading to a reduction in bacterial density by sampling time.
Interestingly, we did not see any differences in Pst growth in leaf homogenate from unfertilized plants sprayed with buffer compared to leaf homogenate from unfertilized plants sprayed with the CC (Figure S3B ), suggesting that our observed loss of protection in planta is not solely due to changes in the host plant due to fertilization. Rather, the loss of protection is likely a result of an interaction between fertilization and the phyllosphere microbiome. Importantly, when we grow Pst in the same leaf homogenates, but this time in the presence of our CC (i.e., as a co-culture), we do observe an interaction effect between fertilization and dose, as observed in planta (F 2,12 = 24.24; p < 0.001; Figure S3C ). Moreover, for unfertilized plants, Pst densities were lowest when grown in leaf homogenate that had been sprayed with a diluted CC, suggesting that, along with fertilizer-induced changes in the plant, microbial interactions are a key factor driving the observed phyllosphere-mediated protection.
Broader Implications
Our results suggest that augmentation of the phyllosphere does increase infection resistance, as plants sprayed with either a natural (Figure 1 ) or constructed ( Figure 2A ) microbial community had significantly less pathogen colonization than plants sprayed with sterile buffer. We additionally showed that phyllosphere spray dose has a more nuanced effect on protection, which is influenced by the source of augmented microbiota ( Figure 1B ), but not directly related to the number of isolates within the microbial community ( Figure 2B ). Intriguingly, we did not find that higher doses conferred greater protection; in our CC experiments, we found that the more diluted microbiome spray conferred the greatest protection (a result that was also observed for half of the ''natural'' microbiome communities; Figure 1B) . Finally, our CC results suggest that microbe-microbe competition (resource community dynamics) may play an important role in protection, as the addition of fertilizer abolished the observed microbiome-mediated protection (Figure 3) . The robust protection observed across different communities suggests that microbiome-mediated protection is most likely not caused by one single microbial species or strain but rather by the 
. Experimental Design and Treatments Used
Shown is the general timeline and design used for experiments in this study (top) and the specific experimental conditions of microbiome spray and soil fertilizer for each experiment (bottom).
Figure 3. Both Fertilizer and the Presence of a Phyllosphere Microbiota Affect Pathogen Colonization
A constructed community (CC), composed of 12 isolates, was sprayed onto fertilized and unfertilized plants prior to infection with Pst: 85% diluted (15% CC and 85% 10mM MgCl 2 ) and undiluted (n = 3 plants per concentration per treatment). For each plant, 3 leaves were sampled after 24 hr; measurements for each leaf were averaged per plant. There was a significant effect of treatment (F 1,14 = 14.041; p = 0.002) and an interaction between microbiome presence and fertilization treatment (F 1,14 = 4.635; p = 0.049; note both doses of the CC were combined for this analysis). Box and whisker plots show median (center line), upper and lower quartiles (represented by box), and highest (upper whisker) or lowest (lower whisker) value that is within 1.5 IQR of the hinge, where IQR is the inter-quartile range, or distance between the first and third quartiles. See also Figure S2 and related in vitro results in Figure S3 . presence of the community itself. This result is also supported by our finding that protection is not linearly correlated with microbiome diversity in our CC ( Figure 2B ). However, our observed interaction effect between dose of the spray inoculum and leaf wash origin suggests that the presence of the community itself is also not the sole factor in mediating resistance. Work from the rhizosphere suggests that some specific members of the community can have more direct effects on promoting disease resistance than others, for example, by sequestering nutrients, such as iron, and restricting the growth of potential pathogens [4, 18] . In Arabidopsis, foliar infection of Pst induces the root colonization of Bacillus subtilis in a dose-dependent manner, which was shown to then increase resistance to Pst via induced systemic resistance (ISR), although the relationship between dose of B. subtilis and ISR was not examined [7] .
Our results suggest that both microbiome dose and community composition may affect the degree of protection against pathogens conferred and led us to examine these factors in a more controlled setting through the use of a defined CC. Although our CC experiments offered insight into the factors contributing to the microbiome-mediated protection, we can currently only speculate on the degree to which this is explained by direct microbe competition for resources, antagonistic microbial interactions, and/or plant immune priming. The differences observed with fertilizer versus without fertilizer suggest that there is a role for direct microbial interactions and/or competition, but this does not rule out the importance of plant defenses. In fact, our results demonstrating an interaction between fertilizer and Pst growth and colonization indicate a role for the host's response to its environment in shaping host-microbiome coevolution, highlighting potential complexities when creating probiotic treatments, as one probiotic is unlikely to be beneficial to all hosts in all environments. There is therefore a clear need for field-scale experiments in order to translate these findings into future agriculture applications. The power of our approach was that we could control which microbes colonized the plant hosts, which could not be done as easily in an open-field-based system, but the generality of these results to more ecologically complex scenarios must now be assessed. The combination of our lab-based results and future field-scale experiments could pave the way to generating more effective probiotic applications and increasing agricultural sustainability.
STAR+METHODS
Detailed methods are provided in the online version of this paper and include the following: 
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EXPERIMENTAL MODEL AND SUBJECT DETAILS
Tomato growth Tomato (Solanum lycopersicum) seeds of the 'money maker' variety (Park Seed, 05851-PK-P1) were surface sterilized (1min in 70% EtOH; 20min in a 0.1% tween, 5.25% bleach solution; rinse 3x with sterile water), and germinated on sterile 0.8% water agar for one week. Seedlings were transferred to autoclaved soil, and kept in a growth chamber at a constant temperature of 24 C on a day/night cycle of 15hr/9hr.
Leaf spray inoculums and pathogen inoculation
Leaf spray inocula were either generated from leaf washes or a constructed community. Leaf wash spray inocula were generated from tomato leaves collected from the UC Davis Student Farm across three separate plots (two plants were sampled per plot), all mixed with a variety of tomatoes, such as Beef-eaters, Romas, Lucky Tiger, Red Cherry, Yellow Cherry, and Blush Tomato. For each plant sampled, leaves were placed into 1 gallon plastic bags and kept on ice, and submerged in 10mM MgCl 2 buffer immediately after returning to the lab (about 2 hours after collection). Half of the leaves were frozen, and the rest were shaken on a vortex mixer at low speed for 20 minutes. The leaf wash supernatant was removed, and the bacterial concentration was determined both by CFU counts on KB media and by ddPCR (see below). The concentrations of all leaf washes were roughly around 1,000 CFUs/mL.
Our constructed community (CC) was composed of 12 bacterial isolates that were isolated from field-grown tomato plants from the UC Berkeley Student Organic Garden (Table S1 ). Isolates were identified via BLAST of the full length 16 s rDNA gene, which was amplified using the 27f and 1492r primers, and sequenced using Sanger sequencing. Each isolate was grown separately in liquid KB media for 24hrs at 26 C. Isolates were combined in equal densities to a final concentration of about 1000 CFUs/mL, washed 3x in 10mM MgCl 2 buffer, and resuspended; the density of each individual culture was estimated by both CFU counts and OD 600 absorbance.
The pathogen, Pseudomonas syringae pathovar tomato (Pst) strain PT23 was grown in liquid KB media for 24hrs at 26 C.
METHOD DETAILS Experimental Design
Within each experiment, plants from all treatments were grown in the same growth chamber, and the placement of each pot was randomized across treatments. At 4 weeks old, plants were spray inoculated with either leaf wash, CC, or sterile 10mM MgCl 2 buffer plus 0.001% Silwet L-77 (de Sangosse Ltd, #0640) using a small plastic spray bottle. One week following spray inoculation, three leaves per plant were each inoculated with 0.2mL of PT23 into the abaxial side of the leaf using a 1mL blunt end, and leaves were sampled 24 hours after infection. See 'Plant inoculation' and 'Leaf sampling and bacterial quantification' sections below for further details.
For experiment 1, we sought to examine the effects of a 'natural' leaf microbiome on the colonization of leaves by Pst, and generated independent inocula from tomato leaves collected from the UC Davis Experimental Farm across three separate plots (two plants were sampled per plot, as described above in 'Leaf spray inoculums and pathogen inoculation'). Each leaf wash was spray inoculated onto 3 plants at either 'undiluted' or '85% diluted' (a solution of 15% leaf wash and 85% 10mM MgCl 2 buffer). Additionally, 3 plants were spray inoculated with 10mM MgCl 2 buffer as a control.
For experiments 2-5, we took a constructed community (CC) approach to generate a microbiome community that could be manipulated in terms of density and composition. Our CC was composed of 12 bacterial isolates that were isolated from field-grown tomato plants from the UC Berkeley Student Organic Garden (Table S1 ). For experiment 2, the CC was spray inoculated onto 3 plants at either 'undiluted,' '75% diluted' (a solution of 25% leaf wash and 75% 10mM MgCl 2 buffer), or '50% diluted,' whereas for experiments 4-5, the CC was spray inoculated onto 3 plants at either 'undiluted' or '85% diluted' (a solution of 15% leaf wash and 85% 10mM MgCl 2 buffer). In all three experiments, 3 plants were spray inoculated with 10mM MgCl 2 buffer as a control. For experiment 3, 10 different CCs were generated by starting with our full community of 12 isolates, and randomly, but sequentially, dropping one isolate from the community until we had a spray inoculum comprised of only two isolates (Table S2 ). For each spray inoculum, we sprayed two plants at the undiluted concentration used above.
A summary of the experimental designs is shown in Figure 4 ; each experiment was performed once, except for experiment 2, which was performed four times with qualitatively similar results.
Plant inoculation
At 4 weeks old, 2-3 plants per treatment group were spray inoculated with 2mL of leaf wash, CC, or sterile 10mM MgCl 2 buffer plus 0.001% Silwet L-77 (de Sangosse Ltd, #0640) using a small plastic spray bottle. To generate pathogen inoculum, Pseudomonas syringae pathovar tomato (Pst) strain PT23 was grown in liquid KB media for 24hrs at 26 C. The cells were concentrated, washed e2 Current Biology 28, 2487-2492.e1-e3, August 6, 2018 in 10mM MgCl 2 buffer 3x, and resuspended in 10mM MgCl 2 . Inocula were standardized to 0.2 OD 600 (representing $ 10^8 CFUs), and then diluted by 1000 prior to inoculation. Three leaves per plant were each inoculated with 0.2mL of PT23 into the abaxial side of the leaf using a 1mL blunt end syringe 1 week after plants were sprayed with either buffer or microbiome inocula.
Leaf sampling and bacterial quantification Twenty-four hours after infection, three leaf discs were collected per leaf using a flame-sterilized hole punch, suspended in 500 mL of 10mM MgCl 2 , and frozen at À20 C. Bacterial densities were quantified using digital droplet PCR (ddPCR; Bio-Rad/MolecularMD, Hercules, CA, USA) according to the manufacturer's instructions. Prior to ddPCR quantification, frozen infected leaf samples were thawed and homogenized using a sterile ceramic bead (MP Biomedicals, #116540424) and a FastPrep tissue homogenizer (MP Biomedicals, #116005500) at 4.0 m/s for 40 s.
For leaf homogenates used in the in vitro growth assays, six hole punches from each leaf (three leaves per plant) were suspended in 1mL of 10mM MgCl 2 , and homogenized as described above. Homogenates were centrifuged to pellet larger leaf pieces, and the supernatant was filtered using a 0.45 mm and then a 0.2 mm filter. 1 mL of overnight bacterial cultures were added to 150 mL of leaf homogenate in a 96-well plate. Optical density (OD) measurements were taken at 600nm every 10 minutes for 24hrs at 26 C on a VersaMax microplate reader (#89429-538; Figure S3) C-5min). In all cases, the mean copy number per leaf punch was calculated for each plant, and these data were then analyzed. This allowed us to reduce error resulting from differences in leaf age or configuration. Although we used copy number as a surrogate for density, we note that this is not always reflective of absolute abundance. In the case of comparison of Pst density across treatments, the problem of copy number variation could be avoided given our focus on a single pathovar. However, we acknowledge that 16S copy number variation makes interpretation of overall bacterial abundance in a community setting complicated. The use of droplet digital PCR, however, mostly circumvents this problem given that we formulate our droplets prior to lysing bacterial cells (with methods that allow nearly all drops to have one or zero bacterial cells).
Method Validation
Because our CC contains multiple Pseudomonas isolates, and because the probes used to detect Pst will most likely amplify other Pseudomonas, we measured our uninfected leaf samples with the same probes to ensure that any dose-dependent effects were not a result of the concentration of Pseudomonas sprayed onto the plants. While the Pseudomonas probes were able to amplify bacteria from the 'uninfected' leaf washes, the densities were multiple orders of magnitude lower than those found on infected leaves ( Figure S4C ), suggesting that our assays were predominately measuring Pst growth.
To validate that our ddPCR measurements are able to detect changes in Pst colonization, we measured the same infected leaf samples using both CFU counting and ddPCR. Results suggested that differences in Pst colonization are real, and can be detected using both methods ( Figures S4A and S4B ).
QUANTIFICATION AND STATISTICAL ANALYSIS
Data analyses were done using SPSS 24.0 (SPSS, Chicago, IL, USA). Details of statistical tests and results are mentioned in the text and figure legends. For experiment 1, each of the six independently-generated inocula were included as fixed effects in a general linear model, but including inoculum source as random term did not qualitatively change the outcome.
DATA AND SOFTWARE AVAILABILITY
All data have been deposited into the Mendeley database (https://doi.org/10.17632/tdg2bzcc39.1). The accession numbers for all sequences from the constructed community reported in this paper are GenBank: SUB3916969 SOGA_2 MH216665 through SUB3916969 SOGA_20 MH216680.
